Naturally occurring humic substances in soils hold promise as a factor related to restoring native plants. We have characterized the humic acids (HA) from inside and outside slickspots of two sites in the Juniper Butte Range soils on the Snake River Plain in Southwest Idaho. These HA may promote the establishment of native slickspot peppergrass (Lepidium papi!!ferum) seedlings. The HA were extracted from the silt, vesicular, and clay layers using a modified International Humic Substances Society method, and isolated by membrane filtration, precipitation, dialysis, and freeze-drying. Elemental analyses showed minor differences between HA; the inside surface silt samples had higher C and N values than the outside or the deeper samples. Differences were also noted between sample sites and between the samples for carbohydrates, amino acids, and acidity functionalities. Fourier transform infrared and fluorescence, and especially cross-polarization magic angle spinning 13C_nuclear magnetic resonance spectroscopies, provided compositional information and highlighted differences between the samples. (Soil Science 2008;173:375-386)
are known by various names such as natric sites, mini playas, playettes, and slickspots.
Slickspots support the growth of the plant, slickspot peppergrass (Lepidiutn papillferurn) . This plant is a reported rare ephemeral endemic plant (Meyer et al., 2005) , the distribution of which is restricted to the Snake River Plain and Owyhee plateau regions of Southern Idaho. Because of fluctuations in population numbers, this species was first proposed for listing as endangered by the US Fish and Wildlife Service in 2002 (Federal Register, 67 FR 46441) , and again in 2006 (Federal Register, 71 62078) , but both times, L. papillferum was found unwarranted for listing.
Understanding the ecology of the habitat is essential to the restoration of L. papil1ferum. Evaluating seed banks can provide an important insight into understanding germination response and population dynamics of plant species. Indicators of water storage inside the slickspots would be valuable for determining future population sizes of this plant. Soils accumulation of sodium (Na) may be related to lack of 376 PALAZZO, ET AL. SOIL SCIENCE competition from other plants. Increased L. papilliji'rum establishment has also been reported with increases in rates of precipitation (Menke and Kaye, 2006; Meyer et al., 2006) . The seed bank is especially important, with species having a high rate of seed dormancy, in which there is incomplete germination of viable seed under optimum conditions. Seed banks act to buffer against unfavorable conditions (Pake and Venable, 1996) and can therefore be an unknown factor in estimating future population size (Given, 1995) . This fact is especially true with species where germination is usually dependent on periods when the environment is suitable for successful completion of their life cycle (Freas and Kemp, 1983) .
The inorganic chemical composition of slickspots has been documented by the US Department of Agriculture-Natural Resources Conservation Service (1998), but the organic matter composition and any effect it may have on seed germination have not been studied. Fisher et al. (1996) report that soil edaphic or physical factors determine the species distribution on the landscape. However, nothing is known of the naturally occurring humic substances (HS) in these soils and how these relate to the possibility of being a factor in restoring native plants. It is known that HS can improve fertilizer efficiency, increase soil cation exchange capacity, and help reduce soil compaction. Thus, the evaluation of the composition, structure, and functional properties of HS is expected to provide a good basis to help understand the possible effects that HS may have on seed germination and early growth of slickspot peppergrass.
In addition, HS may increase microfloral and microfaunal organisms that may affect germination and growth of plants. The objective of this study was to characterize the native humic acids (HA) in slickspot soils from the Juniper Butte Range (JBR), Owyhee County, Idaho. The soils containing the sampled shckspots are within the Arbidge-Chilcott mapping units, which are Abruptic Durargids. Slickspots have a puddled, crusted, or smooth surface with an excess of exchangeable Na (US Department of Agriculture Natural Resources Conservation Service, 1998). Drainage swales commonly bisect the landscape and often contain the slickspots with ponded water. Slickspot soils are silt to clay in texture and mostly devoid of vegetation. Below the surface layer is a vesicular (defined as a structure probably caused by capillary pressure within the air-filled voids surrounded by water; Miller, 1971) layer that is partially impermeable to water infiltration and can cause water ponding. The profile below the vesicular layer is dominated by a clay layer (Lewis et al., 1959 , Fisher et al., 1996 . Soil samples were collected from both inside and outside two characteristic slickspots (no. 4, 77 m2 and no. 5, 8 m2) representative of several identified on the JBR. The soils are predominantly Fairylawn fine montmorillonitic, mesic Abruptic Durixesalf. Samples were collected inside the slickspots from 15 x 15-cm areas of the two sites (no. 4 and no. 5) from three different layers through the soil profile: silt (0-2.5 cm), vesicular (2.5-3.5 cm), and clay (3.5-15 cm). Silt and clay samples were also collected outside, but within a few meters of the slickspot. No vesicular layer was found outside. Soils from each layer were air-dried and ground to pass through a 2-mm mesh screen before analysis. The pH and electrical conductivity (EC) were run using a 1:1 soil-water mixture. The elements phosphorus (P) and potassium (K) were determined using the Olsen NaHCO 5 method (Olsen and Sommers, 1982) . The cations calcium (Ca), magnesium (Mg), and Na were extracted using the Mehlich III method (Mehlich, 1984) 
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Fisons Optima stable isotope ratio mass spectrometer was used for analysis of total carbon (C), total N, and 613C.
I-I/I Isolation and Characterization
The HA were exhaustively extracted with a modified International Humic Substances Society method using 0.5 M NaOH (Swift, 1996) . The extract was membrane-filtered (0.2 im pore size), the filtrate was adj usted to pH 1 (6 M HC1), and the precipitated I-IA were centrifuged, dialyzed, and freeze-dried.
The residual ash content of the HA was determined gravunetrically after heating the samples overnight at 550 °C. The C, hydrogen (H), N, and sulfur (S) contents were determined in duplicate using an automated Fisons Instruments (Crawley, United Kingdom) elemental analyzer model EAI 108. The oxygen (0) content was calculated by difference: 0% = 100 -(C + H + N + S)%.
The 613C values of the HA were determined on the Carlo-Erba analyzer interfaced with the Fisons Optima mass spectrometer.
The procedure for carbohydrate analyses is based on that of Blakeney et al. (1983) and used, with minor alterations, by Watt et al. (1996a Watt et al. ( , 1996b . The sugars released by hydrolysis with trifluoroacetic acid were reduced to the alditols, and the alditol acetate derivatives then formed. The internal standard was myo-inositol (50 gL of a 1-mg mL_i solution), and the derivatized samples were analyzed by gas chromatography. Standard solutions for rhamnose (Rha), fucose (Fuc), arabinose (Ara), xylose (Xyl), mannose (Man), galactose (Gal), and glucose (Glu) were prepared by dissolving 100 mg of sample in 100 mL of distilled water. Recovery of standards, after trifluoroacetic acid hydrolysis, ranged from 95% to 110%.
Amino acid analyses were based on the procedure described by Turnell and Cooper (1982) , and as used, with minor modifications, by Hayes et al. (1997 Hayes et al. ( , 1999 . Amino acids were released by hydrolysis in 6 M HC1 at 115 °C (sealed tubes) and then derivatized by o-phthalaldehyde. Derivatized samples were injected into a Gilson gradient high-performance liquid chromatography system, and detected with a scanning fluorescence detector. Quantification used norvaline as the internal standard. Verification standards were run, and the precision on replicate analyses was greater than 3%. The reproducibility of the hydrolysis procedure was better than 5%.
The Fourier transform infrared (FTIR) spectra of HA were recorded over the range 4000 to 400 cni ' on pellets obtained by pressing under reduced pressure a mixture of I mg of HA and 400 mg of dried KBr, spectrometry grade. The Nicolet (Madison, WI) 5PC FuR spectrophotometer operating with a peak resolution of 2 cm 1 and the Omnic 1.2 software were used to obtain the spectra.
Fluorescence spectra were recorded on aqueous solutions of 100 mg L -1 HA after overnight equilibration at room temperature, and adjustment to pH 8.0 with 0.05 M NaOH using a Hitachi luminescence spectrophotometer model F-4500. The total luminescence spectra were obtained in the form of excitation/ernission matrix (EEM) spectra (or contour maps) by spanning the wavelength emission over the range from 400 to 600 nni, whereas the excitation wavelength was increased sequentially by 5-nm steps from 300 to 500 nm. The EEM spectra (or contour maps) were generated from total luminescence spectral data by using the Noesys 2.4 software. The overall relative fluorescence intensity (RFI) was expressed in arbitrary units and obtained experimentally from the EEM spectra.
The 13 C cross-polarization/total suppression of side bands-nuclear magnetic resonance) spectra were obtained at a running speed of 6.5 kHz and a CP time of 1 msec, with 1 H 90-degree pulse-length of 4 Jtsec to obtain qualitative information Schmidt-Rohr et al., 2004) . The recycle delay was 0.5 sec. The experiments were performed on a Brucker DSX 400 spectrometer at 100
MHz for 13 and with 7-mm sample rotors.
RESULTS AND DISCUSSION
Chemical properties of the five soil samples collected from each of the two slickspot sites at the JBR are shown in Table 1 . At each location, soil was composited from samples taken from each of the three inside and two outside layers. Of particular interest is the high EC in the clay layers, indicating sodic soils at both slickspot locations. Levels of total C and N in the soils were very low, with C ranging from 4.56 to 8.77 g kg -and with N ranging from 0.052 to 0.088 g kg. Extractable Ca, Mg, and Na values were highest in the clay layers, lower in the silt layers, and intermediate in the vesicular layers. The P and K values are variable with no definite pattern. The 6 13 C isotope ratios are typical of C 3 plant material. There were also greater concentrations of Na inside as compared with outside the slickspots. The higher Na inside the slickspots and greater EC values with depth are an indication of water storage inside the slickspots.
The elemental composition and atomic ratios (Table 2 ) of the 10 HA examined fall within the range of values commonly reported for soil HA (Hayes, 1985; Clapp et al., 2005) . Although no significant difference is apparent as a function of the soil type, the soil layer seems to influence the elemental composition of the HA examined. In particular, for both soil types, the C, H, and N contents and C/N ratios generally decrease slightly, and the 0 content increases with soil depth for both the inside and the outside HA samples. The S content and the C/ H and 0/C ratios do not show any consistent trend. Total neutral sugar contents of the HA samples were low, in the range of 2.64% to 4.45%, although greater in the no. 5 soil series (3.26%-4.45%) than in the no. 4 series (2.64%-3.06%). In addition, the contents in the samples taken from the outside layers were greater than for those taken from the inside layers. Xylose was the most abundant species, except in the cases of sample no. 4-4 (outside silt layer) and no. 5-2 (inside vesicular layer), where the abundance was shared with Glu and with Gal, respectively. In general, Xyl was followed in order of abundance by Glu, Gal or Ara, Man, and Rha (or 6-deoxymannose). Fucose (or 6-deoxygalactose) was always the least abundant.
The compositions and relative abundances of the neutral sugars give some indications about the origins of the (poly) sac charide components of the organic matter. Glucose, Ara, and Xyl are generally the major sugars in plant tissues (Cheshire, 1979) . Relatively large contents of Xyl and Ara can indicate plant origins for the sacchandes in humic components. Galactose can be present in some abundance in some plants (Stephen, 1983) , and L-Fuc is present in lesser amounts. Glucose, Gal, and Man are the major neutral sugars in animals (components of glycoproteins). Manose and Gal are more abundant in bacteria (Keene and Lindberg, 1983) , in algae (Painter, 1983) , and in fungi (Gorin and Barreto-Bergter, 1983) . Moers et al. (1990) suggested that Rha, as well as Man, Gal, and Fuc are predominantly derived from microbial sources. Oades (1984) and Murayama (1984) regarded the ratio (Gal + Man)/(Xyl + Ara) as a potential indicator of the origins (plant or microbial) of soil carbohydrates. Values around 0.5 or approaching 2 would suggest origins in either plants or microorganisms, respectively. In the same way, the ratio (Fuc + Rha)/(Ara + Xyl) can give indications about origins. The smaller this ratio, the more likely it is that the sugars have origins in plants. Based on the predominance of xylose in plants, the Xyl/Gal, Xyl/Man, and especially the Xyl/Rha ratios can be good indicators of plant or microbial origins. The larger these ratios, the greater is the likelihood that the saccharides will predominantly have origins in plants.
The data in Table 3 show that the total sugar contents of all of the no. 4 samples (inside and outside) were less than for the no. 5 samples.
With the exception of sample no. 4-5 (outside clay), the Xyl contents of the no. 4 samples were less than those for the no. 5 samples, and that would suggest lesser contributions from plants of the saccharide compositions of the no. 4 series.
There was not good agreement between the ratio values for the sugars in the no. 4 silt samples (no. 4-1 and no. 4-4), although there was reasonable agreement between these values for no. 4-1 and no. 4-2 (inside vesicular). There was considerable agreement, however, between the ratio values for sample no. 4-3 (inside clay) and no. 4-5 (outside clay). The (Rha + Fuc)/ (Ara + Xyl) and the Xyl/Rha ratio values would suggest significant contributions to the saccharide genesis in the no. 4 series from microbial sources.
There is no indication from the ratio values that the sugars in no. 5-1 (inside silt) and no. 5-4 (outside silt) had similar origins. The ratio values for no. 5-2 (inside vesicular) and no. 5-1 were also different. The closest similarities were between sample no. 5-4 (outside silt) and no. 5-5 (outside clay), and these values strongly indicate plant origins for the sugars. The Xyl contents strongly influence the relevant ratio values, and that is especially evident for the Xyl/ Rha values. The Rha and the Fuc contents of the inside layer sample no. 5-2 (inside vesicular) and no. 5-3 (inside clay) were low and in line with those for sample no. 5-4 and no. 5-5. Overall, the ratio values indicate greater contributions to the saccharides from plants (than 380 PALAZZO, ET AL. SOIL SCIENCE [Gly] , and alanine [Ala]). 5-containing methionine (Met) was also detected, but invariably in very small amounts. The amino acid contents ranged from 6% to 17% of the mass of the samples.
Acidic amino acids are generally the most abundant in soil hydrolysates (Clapp et al., 2005) . The total acidic (TA) group contained the most amino acids in the cases of the no. 4 samples, inside and outside layers, and the amounts decreased in the order TA > NHo ? NHi > total basic (TB). Aspartic acid was the most abundant amino acid in all the no. 4 and no. 5 samples, and Glt was second in abundance in the cases of the no. 4 samples and sample no.
5-1 (inside silt). Alanine or Gly were usually third or fourth in the content order for the no. 4 samples, although Len and Val were contained in significant amounts. In general, His and the amino acids in the basic group were least abundant.
With the exception of sample no. 5-1 (inside silt), the totals of the amino acids in the no. 5 sample series were less than those for the no. 4 samples. Sample no. 5-1 differed from all other samples in its high TB content and from all other no. 5 samples in its total amino acid abundance. The low abundances of amino acids in sample no. 5-2, no. 5-3, no. 5-4, and no. 5-5 contrasted with the sugar abundances in these samples.
Because the amino acids detected are components of plants and of animals, it is not possible to assign their origins merely from their detection in the hydrolysates. However, Mott (1996, 1999) have claimed that the amino acid fingerprint could distinguish between the grass and the arable experiments, and the wilderness wooded soil fingerprint was distinguishable from those of both grassland and arable soils. They worked with the amino acid profiles in the Broadbalk Wilderness, with manured and unmanured soils from the Park Grass experiment and from the manured and unmanured Broadbalk continuous wheat plots at the Rothamsted Experimental Station, Harpenden, England. In that study, the focus was on the totals of each amino acid in the whole soil.
In the present study, we have used the ratios of the amino acid groups (Table 4) in our attempts to determine the origins, plant or microbial, of amino acids in the HA isolated. A study by Hayes et al. (2008) of sugars and amino acids in extensively fractionated humic components from a grassland soil provided evidence, especially from the sugar ratio values, to indicate that the predominant sources of the saccharides in some of the fractions were from plants or from microorganisms. Some of the amino acid ratio values followed trends that could be related to those for the sugars.
There were degrees of consistency in the ratio values for sample no. 4-1 (inside silt) and no. 4-2 (inside vesicular), but not for no. 4-1 and no. 4-4 (outside silt). There is good agreement between the ratio values for sample no. 4-3 (inside clay) and no. 4-5 (outside clay). There was, however, less consistency in the ratio values for the samples in the no. 5 series.
The total amino acid content of sample no. 5-1 (inside silt) is more in keeping with the contents in samples in the no. 4 series, but the TB content of no. 5-1 is unique. As was evident in the case of the sugar ratio values, the ratio values for the amino acids for no. 5-1 are in line with those for sample no. for sample no. 5-4 to be more consistent with those for sample no. 5-5 before any conclusion could be drawn about the origins of the peptide materials (plant or microbial) in these samples. It will be necessary to correlate amino acid ratio values with those for peptides that can be positively assigned to soil microorganisms and to plants before significant conclusions can be drawn from ratio values about the origins of amino acids/peptides in the soil HS studied here.
The ETIR spectra are qualitatively similar for the HA examined (HA from site no. 4 are shown as an example in Fig. 1) , and similar to those commonly obtained for soil HA (Senesi and Loifredo, 1999) . Almost no difference is 
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àpprii apparent between the HA from the corresponding inside and outside layers of the two soils, although some seniiquantitative differences are shown for some absorptions between HA from different layers. In detail, all spectra feature: (i) an intense broad band at about 3400 cm, generally ascribed to 0-H stretching and, secondarily, to N-H stretching of various functional groups; (ii) the typical aliphatic group absorptions (at about 2930 and 2855 cmt), whose relative intensity decreases for HA isolated from both layers in the order silt, vesicular, and clay; (iii) the peak at about 1715 to 1720 cm -1 and the broad band at about 1230 to 1260 cm preferentially ascribed, respectively, to the C0 stretching of various carbonyl, especially carboxyl, groups and to the C-0 stretching and 0-H deformation of carboxyl groups and C-0 stretching of aryl ethers, whose relative intensity increases slightly for the inside layer HA in the order silt, vesicular, and clay (as indicated also by the NMR spectra?; (iv) a strong peak at about 1625 to 1645 cm , generally attributed to vibrations of various groups including aromatic CC structural vibrations and C0 stretching of amide, quinone, and H-bonded conjugated ketone groups, which features a similar relative intensity for all HA; (v) a peak at 1551 cm, preferentially ascribed to N-H deformation and C=N stretching of amides (amide II band), and present only in the spectrum of HA from the inside silt layer (the richest in amino acid hydrolysates in the no. 4 series); (vi) three weak peaks in the 
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• 100 P 0 PPM Fig. 3 . NMR spectra (site #4 and #5 ) comparing humic acids from inside vs. outside of the JBR slickspots #4 and #5.
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384 PALAZZO. ET AL. SOIL SCIENCE region between 1450 and 1380 cin, generally attributed to aliphatic C-H, 0-H deformation and C-0 stretching of phenolic OH, and asymmetric stretching of C00 groups; and (vii) a weak peak at about 1080 cm -generally attributed to C-0 stretching of polysaccharidelike moieties and Si-0 of silicate impurities in HA. In general, FTIR results suggest a decreasing aliphaticity and increasing presence of COOH groups downward in the soil layers. The NMR spectra indicate the same trends for the inside, but not for the outside samples. The EEM fluorescence spectra (HA from site no. 5 in Fig. 2 ) and the maximum EEM wavelength pairs (EWP; all HA in Table 5 ) are quite similar for all the HA investigated, although some slight differences are observable but with no specific trend. The RFI (Table 5) differ for the HA investigated, and generally tends to increase slightly in the order silt, vesicular, and clay, for either inside or outside layers.
The 13 C cross-polarization magic angle spinning spectra (Fig. 3) exhibit six major bands for all HA: nonpolar alkyls (0-45 ppm), NCH/ OCH 3 (45-62 ppm), carbohydrates (62-92 ppm), aromatics (92-142 ppm), 0-aromatic bands (142-162 ppm), , plus small amounts of carbonyls (190-220 ppm) . Our detailed investigations on these samples indicate that the nonpolar alkyls are primarily lipidlike structures with an acyl chain having a double bond, terminated by a CH 3 group (Mao, 2008) . In general, the spectra show that both series of inside slickspots, no. 4 and no. 5, have lower aromatic and 0-aromatic functionalities but higher nonpolar alkyls in the inside silt layers than in the inside vesicular and inside clay layers. Such a trend is not observed in either series of the outside slickspots. Both outside silt and outside clay layers contain significant aromatics and 0-aromatic groups.
More specifically, visual inspection of the spectra highlights similarities and differences between the samples. There are major differences between sample no. 4-1 (inside silt) and sample no. 4-3 (inside clay), no. 4-4 (outside silt), and sample no. 4-5 (outside clay). Comparisons of no. 4-1 with no. 4-4 show that the HA from the outside silt are more aromatic and with strong evidence for lignin residues (0-aromatic, 142-162 ppm, and methoxyl, 45-62 ppm resonances). The lack of evidence for lignin residues indicates that the extracts from the inside silt are more highly transformed or humified than those from the outside layer. The rounded resonance at 45 to 62 ppm in the spectrum for no. 4-I is from peptide structures (note also the significant amino acid content for no. 4-1; Table 4 ). The sharp resonance at 45 to 62 ppm in no. 4-4 is indicative of methoxyl, and that resonance will also reflect the peptide structures. The sugar and amino acid ratio values further indicate differences between the coniponoons of these samples (Tables 3 and 4) .
There are similarities between the spectra for the inside (no. 4-3) and outside (no. 4-5) HA from the clay samples (note also the similarities between the sugar and the amino acid ratios for these samples; Tables 3 and 4) . Both show evidence for lignin residues. The spectrum for the inside vesicular (no. 4-2) sample has many similarities with that for sample no. 4-1, and the sugar and amino acid ratio values (Tables 3 and 4) for these samples are also similar.
The NMR. spectrum for sample no. 5-1 (inside silt) has similarities with that for sample no. 4-I (inside silt) and is again very different from the spectra for the other samples in the no. 5 series. The outside silt HA (no. 5-4) is more highly aromatic, has strong lignin residues, and is less humified than the inside (no. 5-1) sample. There are also distinct differences between the sugar and amino acid ratio values for these two samples. Unlike sample no. 4-2 (in relation to no. 4-I), the spectrum for the inside vesicular sample (no. 5-2) is different from that of no. 5-1. The no. 5-2 spectrum shows evidence for lignin residues, in contrast to the spectrum for no. 4-2. Spectrum no. 5-3 has features (inside clay) in common with no. 5-5 (outside clay), and the sugar and amino acid ratios have similar trends.
CONCLUSIONS
We found greater concentrations of Na inside as compared with outside the slickspots, and greater EC values with depth are an indication of water storage inside the slickspots. Because slickspots are essentially areas that accumulate water, the increased Na and EC values may be related to the deeper depth or water-holding capacity of the slickspot. The increase in these soil parameters may reduce growth and competition of other plants within the slmckspots, but the effects of this increased soil moisture are unknown.
